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Background: The Osborn or J-wave, an upright deflection of the J-point on the electrocardi-
ogram (ECG), is often observed during severe hypothermia. A possible relation between Os-
born waves (OW) and increased risk of ventricular arrhythmia has been reported. We sought 
to determine whether the level of targeted temperature management (TTM) following out-of-
hospital cardiac arrest (OHCA) affects the prevalence of OW and to assess the associations 
between OW and risk of ventricular arrhythmia and death.  
 
Methods and results: The present study is part of the TTM-trial ECG-substudy (including 
OHCA-patients randomized to TTM at 33°C vs. 36°C from 24 of 36 sites). Serial 12-lead 
ECGs from 680 (94%) patients were analysed and stratified by OW at predefined time-points 
(0, 4, 28, 36, 72-hours after admission).  
On admission, the overall prevalence of OW was 16%, increasing to 32% at 
target temperature, with higher prevalence in the 33°C-group (40% vs. 23%, p<0.0001). No 
difference in prevalence was found between the 33°C- and 36°C-groups on admission (18% 
vs. 14%, p=0.11) or after rewarming (13% vs. 10%, p=0.44). OW were not associated with 
increased risk of ventricular arrhythmia (Odds ratio=0.78 (0.51-1.20), p=0.26), but associated 
with significantly lower 180-day mortality as compared to no OW (38% vs. 52%, plog-
rank=0.001) in univariable analyses only.   
 
Conclusion:  OW are frequent during TTM, particularly in patients treated with 33°C. OW 
are not associated with increased risk of ventricular arrhythmia, and may be considered a 
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INTRODUCTION 
 Mild hypothermia in the form of targeted temperature management (TTM) be-
tween 32° and 36°C remains a guideline supported treatment modality for attenuation of neu-
rological injury following out-of-hospital cardiac arrest (OHCA)[1, 2]. The treatment is gen-
erally considered safe[3], however a subset of OHCA-patients is affected by potentially life-
threatening arrhythmias during post-cardiac arrest care and TTM[4].  
 Studies on accidental hypothermia and the effects of TTM in both animals and 
humans have contributed with knowledge of the pathophysiological and physiological pro-
cesses during cooling[5]. Lowering of the core temperature affects the body in various ways; 
especially cardiac electrophysiology is affected with distinct changes in the electrocardio-
gram (ECG)[6], e.g. lowering of the heart rate, prolongation of PR, QRS and QT intervals, 
and presence of Osborn waves (OW)(Figure 1)[7]. Case reports of severe accidental hypo-
thermia below 30°C have reported occurrence of arrhythmia including malignant ventricular 
tachycardia (VT) and fibrillation (VF)[8], potentially leading to fatal outcome.  
 Markers of patients at risk of arrhythmia during TTM could be useful in provid-
ing basis for individualized post-cardiac arrest care. Tomaszewski was the first to report hy-
pothermia-induced ECG changes in 1938[9]. He observed an upright deflection of the J-point 
(terminal part of the QRS complex) in an accidentally hypothermic patient. Osborn later con-
firmed this hypothermia-triggered change in dogs[10], as a distinct deflection progressively 












arrest patients have suggested a possible relation between OW and an increased risk of ven-
tricular arrhythmia[11], while a smaller observational study has failed to confirm this associa-
tion[12].  
 We sought to assess the effect of two levels of TTM on the prevalence of OW 
following OHCA.  Furthermore, we assessed the associations between OW and risk of ven-
tricular arrhythmia and death. 
 
METHODS 
 The present study is part of the multicenter-ECG and single-center Holter sub-
study of the TTM-trial[13]. The main trial included adult comatose patients resuscitated after 
OHCA (N=939) from a presumed cardiac cause with return of spontaneous circulation 
(ROSC) for at least 20 minutes (regardless of initial rhythm). Patients were enrolled and ran-
domized in a 1:1 fashion to a 36-hour TTM protocol aimed at either 33°C or 36°C. The main 
trial showed no difference in outcome between the two temperature groups[13]. Patients were 
included as fast as possible but within 240 minutes from sustained ROSC. A complete list of 
inclusion and exclusion criteria has been published previously[13].  
Twenty-four out of 36 sites participated in the ECG sub-study, with 726 eligible 
patients. The present sub-study included 680 (94%) patients with at least one 12-lead ECG 
after admission (Figure S1). In addition, a subgroup of 113 patients admitted at the cardiac 
intensive care units (ICU) at Copenhagen University Hospital (Rigshospitalet) was continu-
ously Holter-monitored during TTM. 
 TTM was controlled by automated feedback devices and intravascular or sur-
face cooling were used with similar frequencies between the groups. The target temperature 
(TT) was reached as fast as possible. After 28 hours rewarming to 37°C was commenced 












tion, intubation and mechanical ventilation were carried out through the specified interven-
tion period of 36 hours.  
 The serial 12-lead ECGs after OHCA were obtained at fixed time points: ECG1 
– on admission to the hospital, ECG2 – at the allocated TT, ECG3 – 24 hours after induction 
of TTM, ECG4 – 36 hours after induction (at normothermia after rewarming) and ECG5 – 72 
hours after induction. Trained assessors, blinded for temperature group and outcome, manual-
ly analysed available ECGs. Obtained ECGs were stratified by OW vs. no OW at any given 
time-point, with an OW defined as an upright deflection of the J-point compared to the isoe-
lectric baseline (Figure 1). We chose a pragmatic approached including all upright deflec-
tions at the J-point including QRS end-slurs, irrespective of lead location and amplitude 
height. Right bundle branch block (RBBB)/ R wave – S wave – R wave (RSR) configuration 
in lead V1-V2 was not considered an OW. In three ECGs, however, it was judged that the 
changes could represent both OW and RBBB. Interobserver agreement with regards to pres-
ence of OW was assessed in 30 randomly selected patients, with observers blinded to temper-
ature group and previous assessment, with very good agreement (total of 113 ECGs assessed 
with a Cohen’s kappa coefficient = 0.81).  
 Demographics and prehospital data concerning the circumstances of the OHCA 
were collected according to the Utstein guidelines.[14]  
 
Ethics  
 The main study protocol was approved by Ethics Committees in all participat-
ing countries. Written informed consent was obtained or waived, either from included pa-
tients after regaining consciousness or as proxy consent from the patients’ relatives (next of 












accordance with national legislation. The TTM-trial complied with the Declaration of Hel-
sinki and was registered at ClinicalTrials.gov (Identifier: NCT01020916). 
 
Statistical analysis 
Baseline characteristics were presented and stratified by OW during TTM at 
any given time, including sub-stratification by TT. Categorical variables were presented by 
proportions (%) and differences tested by 𝝌2-test. Continuous normally distributed variables 
were presented by mean ± standard deviation (SD) and tested by t-test. Non-normally distrib-
uted variables were presented with median and the 25-75 percentile range and compared by 
Wilcoxon rank sum test. To assess the interaction between presence of OW and allocated TT 
over time, a repeated measure model (generalized linear model) was used and the fixed type 
3 effects reported (SAS Genmod).  
 For assessment of 6 months survival between the groups, we used Kaplan-
Meier survival curves and log-rank tests. Uni- and multivariable proportional hazards Cox-
regressions were used to assess the associations between OW at any time point and 6 months 
mortality. Logistic regression was used to assess the association between OW and unfavoura-
ble neurological outcome after 6 months. Neurological outcome, based on the Cerebral Per-
formance Categories Scale (CPC) score, was dichotomized into favourable vs. unfavourable 
outcome as follows: a) favourable neurological outcome included patients with a CPC score 
of 1 or 2, capable of carrying out independent activities of daily life and b) unfavourable neu-
rological outcome included patients with a CPC score of 3 to 5 incl. severe cerebral disability 
depending on daily support, comatose and expired patients. Further, logistic regression was 
used for analysis of the association between OW and risk for ventricular arrhythmia (ventric-
ular- tachycardia (VT) and fibrillation (VF)) during the day 1-3 of post-cardiac arrest care. 












to influence mortality (age, sex, time to ROSC, witnessed arrest, bystander cardiopulmonary 
resuscitation (CPR), bystander defibrillation, shockable primary rhythm, admission lactate 
level, ST-elevation myocardial infarction (STEMI), TTM group and cumulated number of 
comorbidities). All tests were 2-sided and results presented as Hazard ratios (HR) and Odds 
ratios (OR) with corresponding 95% confidence intervals (CI). Further, logistical regressions 
for OW on admission and during TTM were assessed including randomisation, age, sex, time 
to ROSC, witnessed arrest, bystander CPR, bystander defibrillation, initial rhythm, admission 
lactate level, left ventricular ejection fraction (LVEF), STEMI and comorbidity. Statistical 
significance was defined as a p-value <0.05. Statistical analyses were performed using the 
SAS statistical software, version 9.3. 
 Assessment of ventricular (VEB) and supraventricular ectopic beats (SVEB) in 
the Holter-monitored subpopulation was performed by hourly registrations during the main-
taining phase between the TTM allocation groups and compared using repeated measures 
mixed models with a random intercept and an unstructured covariance structure.  
 
RESULTS 
Prevalence and baseline characteristics 
Of the 680 included patients, the overall OW prevalence was 16% on admis-
sion, increasing to 32% at TT. OW were found in 274 (40%) patients at least once during 
TTM, and were more prevalent in the 33°C-group (46% vs. 35%, p<0.01) (Table 1 and Fig-
ure S1). Stratified analysis of the serial ECGs revealed that OW were similarly prevalent on 
admission (p=0.11) with increasing prevalence during TTM in both temperature groups. The 
OW prevalence was significantly higher in the 33°C-group at TT after 4 (40% vs. 23%, 












lar prevalence (Figure 2). The allocated TT modified the prevalence throughout the course of 
TTM (pinteraction<0.01).  
Patients with OW were younger (62 ± 12 vs. 65 ± 12 years, p=0.01), had lower 
admission lactate levels and were more frequently subjected to acute coronary angiography 
(CAG) and percutaneous coronary intervention (PCI). Patients with OW had a lower preva-
lence of previous known: coronary artery disease, acute myocardial infarction (AMI), coro-
nary artery bypass graft (CABG), cardiac arrest and a lower burden of pre-arrest comorbidi-
ties. We observed a higher OW prevalence in patients with initial shockable rhythm, bystand-
er CPR and defibrillation. An overall difference in LVEF was found between the groups 
(p=0.02), with more preserved LVEF in patients with OW (Table 1). Increasing numbers of 
comorbidities were significantly associated with lower OW prevalence (OR 0.82 (0.69-0.99), 
p= 0.03). At TT, allocation to 36°C (OR 0.46 (0.29-0.74), p<0.01) and lower LVEF (OR 0.60 
(0.43-0.85), p <0.01) were associated with lower OW prevalence. Initial STEMI was associ-
ated with higher OW prevalence at TT (OR 1.81 (1.11-2.92), p=0.2) but not on admission 
(OR 1.1 (0.61-1.97) p=0.75). The heart rate corrected QT interval (Bazett’s formula) was 
similar between patients with and without OW within the TTM groups (data not shown). 
 
Risk of ventricular arrhythmia  
 The overall occurrence of VF during the first three days after OHCA was 6% 
(38/680), while VT (85/680) occurred in 13% of patients and combined VF and/or VT affect-
ed 16% (110/680) of patients. Presence of OW during post-cardiac arrest care was not signif-
icantly associated with increased risk of ventricular arrhythmia (VT/VF) during the first three 
days after OHCA (OR= 0.78 (0.51-1.20), p=0.26), nor did stratification by OW at TT (OR= 












arrhythmia. Each point estimate, though not statistically significant, indicated lower and not 
higher risk by OW.  
 
Risk of ventricular and supraventricular ectopic beats 
The detailed Holter recordings did not reveal any group difference regarding burden of ven-
tricular (pgroup= 0.93) or supraventricular ectopy (pgroup= 0.55) during TTM. Significant over-
all interactions between the OW groups over time during the maintenance phase of TTM with 
regards to the burden of ventricular (pinteraction=0.02) and supraventricular ectopy (pinterac-
tion<0.01) were seen (Figure 4). A significant decrease over time in ectopic activity was seen 
in both OW and non-OW patients.  
 
Osborn waves and outcome after OHCA 
 The presence of an OW was associated with a significantly higher 180-day sur-
vival rate (62% vs. 48% (p=0.001)), corresponding to a lower univariable HR for 180-day 
mortality (HRunadjusted=0.68 (0.54-0.86, p=0.001). The association between OW and lower 
mortality diminished after adjustment (HRadjusted=0.87 (0.68-1.11, p=0.27)(Table 2)). The 
same pattern was found, when stratified by TT with higher 180-day survival rates by OW in 
both TTM groups (Figure 3). Occurrence of OW was associated with lower odds of unfavor-
able neurological outcome (ORunadjusted=0.58 (0.43-0.79, p<0.001)) in the univariable analysis 
only. To avoid risk of time bias, sensitivity analyses in patients surviving for three days were 
performed, with similar results and lower mortality by OW in univariate analysis only 
(p<0.01). Stratified analysis by OW in STEMI and non-STEMI patients, revealed that OW 
were only associated with lower mortality in non-STEMI patients (non-STEMI (p<0.01) vs. 













The overall prevalence of OW in comatose OHCA patients treated with TTM at 
33°C and 36°C was 40%. Patients treated at 33°C, showed a higher OW prevalence during 
the maintenance phase of TTM, compared to 36°C. OW were not associated with an in-
creased risk of ventricular arrhythmia, and outcome analyses indicated that OW may be con-
sidered a benign physiological phenomenon during TTM, associated with favorable outcome 
in univariable analyses. As the association diminished after adjustment, this association is 
likely explained by more favorable cardiac arrest characteristics and lower comorbidity. 
 
History and physiology of Osborn waves 
Ever since Tomaszewski’s discovery in 1938 of the hypothermia-related[9]  
J-waves in man and Osborn’s clinical demonstration (1953) in acidotic and hypothermic 
dogs[10], the presence of the upright deflection in the ECG has been thought to be pathog-
nomonic of hypothermia. Case reports have since shown that in addition to accidental and 
induced hypothermia, OW can be observed in other conditions, e.g diabetic ketoacidosis[15], 
sepsis[16], hypothyroidism[17] and brain death[18]. OW can thereby be observed in normo-
thermic conditions[19] and have been detected in numerous case reports in different heart-
related diseases, STEMI[20], acute myocardial ischemia[21] and LV hypertrophy caused by 
hypertension[22]. 
A case report has proposed a relation between faulty elimination of pCO2 and 
occurrence of OW after cardiac arrest[23], similar to the initial hypothesis of Osborn between 
acidosis and J-waves[10], which was rejected by others later on[7, 24, 25]. Our data do not 
support these previous hypotheses. We found a higher occurrence of OW at a lower target 
temperature during TTM after OHCA, but found no relation between OW and pH, lactate and 












It has been shown that the amplitude of the J-point is inversely proportional to 
the core temperature and is reversible by gradual rewarming[7, 26]. This phenomenon fits 
with our results of higher prevalence in patients treated with 33°C. The relatively high overall 
OW incidence on admission (16%) may be attributable to a low admission temperature of 
around 35°C[13]. Recent smaller studies have shown a OW prevalence in OHCA-patients 
treated with TTM at 33°C ranging from 40-60%[12, 27, 28], likewise, OW were more preva-
lent in patients with STEMI vs. non-STEMI (38.6% vs. 15.2%)[29]. These findings correlate 
with our data showing that patients after OHCA presenting with OW have more invasive 
procedures performed (PCI 49% vs. 39%, p=0.01) possibly explained by higher degree of 
coronary ischemia. 
Although OW have raised interest for decades, there is no consistent definition 
of the phenomenon. Across studies different definitions of OW have been used, with in- and 
exclusions of QRS end-slurs and notches[21, 30, 31], and with different criteria for amplitude 
height (≥0.1 mV, ≥0.2 mV, but also morphological criteria including <0.1 mV)[6, 21, 27, 30, 
31]. Also different criteria for inclusion of subgroups of leads have been used[6, 10, 21, 27, 
30-32]. 
 
Osborn waves and arrhythmogenecity 
The correlation between OW and risk of ventricular arrhythmia in patients with 
coronary ischemia has been reported in several studies, including in patients with vasospastic 
angina[21], acute coronary syndrome (ACS)[33], and STEMI after PCI[30]. These studies 
link together an increased incidence and augmentation of OW prior to the occurrence of ma-
lignant ventricular arrhythmias[21], higher in-hospital mortality[33] and suggest that OW 
could be indicative of an electrical vulnerability and susceptibility to arrhythmia[21]. This is 












sociation to increased risk of ventricular arrhythmia.  
A causal correlation between malignant cardiac arrhythmias (VT/VF) and OW 
during hypothermia remains to be revealed and our data do not support such correlation. 
While some studies and case reports[5, 10, 11] found an association of arrhythmia and pres-
ence of OW, other studies[7, 27, 34, 35] found no association and considered the presence of 
OW of limited value as a predictor of malignant ventricular arrhythmias. 
The incidence of ventricular arrhythmia in our study (6% VF, 13%VT) is seem-
ingly higher than the one recently reported by Lee et al.[12] with only 1.7% of patients with 
VF. However, we report the occurrence of arrhythmia the first three days after OHCA in a 
cohort including a majority of patients resuscitated from a shockable rhythm. Lee et al. re-
ported VF during a 12 hour TTM period and the study included a majority of patients with an 
initial non-shockable rhythm. 
 
Osborn waves and association to mortality and neurological outcomes 
OW may, according to our findings, be considered a normal and reversible 
physiological response to mild hypothermia. In a review regarding J-wave syndromes[36] 
presence was characterized as benign when they occurred in lateral precordial leads and are 
considered as the typical ECG findings in young, healthy and well-trained men.  
Interestingly, we found that initial STEMI was associated with higher chance of 
OW at TT after PCI, which may suggest a possible relation of OW and reperfusion after cor-
onary ischemia. This may also explain the increase in prevalence seen in the 36°C-group.  
Unlike our findings, higher in-hospital mortality in patients with OW resuscitat-
ed from VF during ACS (24% vs. 0%, p=0.02) was found[33]. Some studies show, similar to 
our results, favourable survival by OW in hypothermic conditions[37].  












of the hypothalamic temperature regulation centre[19], which may provide an explanation for 
cardiac complications in cerebral catastrophes[38].  However, our results point in opposite 
direction, as OW in both temperature groups were associated with favorable outcome. As no 
independent association with outcome was found, OW are unlikely to behold a protective 
effect but are merely more prevalent in the healthiest and stabile patients following OHCA.  
 
LIMITATIONS 
The present study has strengths due to prospectively collected data as part of a 
large randomized, multicentre clinical trial. Limitations should be acknowledged. Since 
ECGs were recorded at point measurements, all transient OW may not have been detected. 
The per-protocol collection of ECGs in this study was similar between the temperature 
groups and seems representable and sufficient to identify the vast majority of OW. We chose 
to include all Osborn-like changes and performed sensitivity analysis for lead specific OW.  
The OW amplitude was not measured in the present ECG database, although this might have 
provided further insights into the relationship between the association of electrophysiological 
changes during TTM, outcome and risk of arrhythmia. Several confounding factors with re-
gards to OW should be recognized during post-cardiac arrest care. Coronary, global ischemia 
and admission temperature may influence early repolarisation, but the randomized design 
with two TTM-levels provides novel knowledge as to the effect of temperature on OW and 
risk of arrhythmia and death in this setting.  
 
CONCLUSION 
OW are frequent during TTM following OHCA and more often seen in patients 
managed at 33°C compared to 36°C. OW were not associated with an increased risk of ven-












associated with favourable outcome in univariable analyses only, likely explained by more 
favorable cardiac arrest characteristics as the association diminished after adjustment.  
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Table 1. Baseline 















Age - mean (±SD) 62 (±12) 65 (±12) 0.01 




Any Osborn by randomization allocation 
  
 
TTM at 36˚ C – n= 333  (%) 116 (35%) 217 (65%) <0.01 




    
Cardiac arrest characteristics: 
  
 
Bystander witnessed arrest 246 (90%) 379 (93%) 0.09 
Bystander Cardiopulmonary Resuscitation 204 (74%) 289 (71%) 0.35 
Bystander defibrillation 28 (10%) 34 (8%) 0.41 
Shockable initial rhythm  227 (83%) 302 (74%) 0.07 
Time to return of spontaneous circulation – min (IQR) 25 (15-39) 
 
25 (17-39) 0.15 
Lactate at admission – mmol/L (±SD) 6.5 (±4.4) 7.2 (±4.6) 0.05 
Acute coronary angiography 187 (68%) 242 (60%) 0.02 
Percutaneous coronary intervention 133 (49%) 158 (39%) 0.01 
Coronary artery bypass graft 0 (0%) 0 (0%)  
    
 Left ventricular ejection fraction:    
Normal or preserved (>50%) 49 (18%) 54 (13%) 
 
 
Moderately impaired (30-50%) 
 
75 (27%) 120 (30%) 0.02 
Severely impaired (<30%) 34 (12%) 84 (21%)  
Not performed 107 (39%) 137 (34%)  




Coronary artery disease 54 (20%) 135 (33%) 0.0001 
Previous acute myocardial infarction 44 (16%) 96 (24%) 0.02 
Previous coronary artery bypass graft 13 (5%) 48 (12%) <0.01 
Previous cardiac arrest 2 (1%) 12 (3%) <0.05 
Congestive heart failure 12 (4%) 29 (7%) 0.14 
Arterial hypertension 96 (35%) 154 (38%) 0.44 
Previous transitory cerebral ischemia/ stroke 15 (5%) 38 (9%) 0.06 
Diabetes 45 (16%) 59 (15%) 0.55 
Asthma/Chronic obstructive pulmonary disease 21 (8%) 45 (11%) 0.14 
Alcoholism 9 (3%) 17 (4%) 0.54 
Comorbidity – median (IQR) 1 (0-2) 2 (0-3) <0.0001 
     
Abbreviations: AMI: acute myocardial infarction. CABG: coronary artery bypass graft. CAG: coronary angi-
ography. COPD: chronic obstructive pulmonary disease. CPR: cardiopulmonary resuscitation. IQR: interquartile 
range. LBBB: left bundle branch block. LVEF: left ventricular ejection fraction. n: number. PCI: percutaneous 
coronary intervention. RBBB: right bundle branch block. ROSC: return of spontaneous circulation. SD: standard 
deviation. STEMI: ST-elevation myocardial infarction. TCI: transitory cerebral ischemia. TTM: target tempera-












Table 2. Hazard ratio and odds ratios for 180-day mortality and unfavorable neurological outcome 
 Hazard ratio for 180-day mortality 





Osborn waves 0.68 (0.54-0.86) 0.001 0.87 (0.68-1.11) 0.27 







Osborn waves 0.58 (0.43-0.79) 0.0005 0.72 (0.49-1.06) 0.10 
  
Abbreviations: CI: confidence interval. CPR: cardiopulmonary resuscitation. HR: hazard ratio. STEMI: ST-elevation myocardial infarction. OHCA: out-of-hospital Cardiac 
Arrest. OR: odds ratio. ROSC: return of spontaneous circulation. y: year.  Multivariable model adjusted for: TTM 36° vs 33° group, age at arrest (5 year), sex (male), time to 














Figure 1 – Infero-lateral Osborn waves (red circles) during targeted temperature manage-

















Figure 2 – The proportion of patients reported with Osborn waves in the 33°C-group (blue) 
and the 36°C (red) during the course of targeted temperature management. The p-value for 

























































































Figure 4 – Prevalence of ventricular and supraventricular ectopic beats during the TTM stratified by presence of Osborn waves in Holter-
monitered subpopulation 











Time at target temperature
A   Ventricular ectopic beats (mean) / hour
Osborn waves during TTM
No Osborn wave
Group           p=0.93
 Time             p<0.001
Interaction    p=0.02








Time at target temperature
B    Supraventricular ectopic beats (mean) / hour 
Osborn waves during TTM
No Osborn wave
Group          p=0.55
   Time            p<0.0001
Interaction    p<0.01
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